The Effects of Light Blue and White Backgrounds on the Brain Activity of Web-based English Tests’ Takers  by Yamazaki, Atsuko K. et al.
 Procedia Computer Science  35 ( 2014 )  1262 – 1269 
1877-0509 © 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of KES International.
doi: 10.1016/j.procs.2014.08.225 
ScienceDirect
Available online at www.sciencedirect.com
18th International Conference on Knowledge-Based and Intelligent  
Information & Engineering Systems - KES2014 
The effects of light blue and white backgrounds on the brain activity 
of Web-based English tests’ takers 
Atsuko K. Yamazakia,*, Shinji Koizumia, Hitomi Shimadaa, Kaoru Etob 
aCollege of Engineering, Shibaura Institute of Technology, 307 Fukasaku, Minuma-ku, Saitama-shi, Saitama, Japan 
bFaculty of Engineering, Nippon Institute of Technology, 4-1 Gakuendai, Miyashiro-cho, Minami Saitama-gun, Saitama, Japan 
Abstract 
In this study, the authors conducted an experiment to see how the background color of Web-based tests (WBTs) can affect the 
brain activities of Web-based test takers in relation to their performance. Thirty subjects in their twenties took Web-based 
English grammar tests and also performed circle-counting tasks on a computer screen with white and light blue backgrounds. For 
both background colors, text and symbols were presented in black. Two-dimensional images of hemoglobin (Hb) concentration 
changes in the brain of each subject were recorded by using near-infrared spectroscopy (NIRS). On both the English tests and the 
counting tasks, the scores of the subjects were higher on average with the light blue background than with the white background. 
The NIRS signals obtained in the experiment showed that areas in the brain associated with linguistic tasks tended to have higher 
Hb concentrations for the light blue background than for the white background, and indicated that the linguistic area was more 
active when the subjects took the tests with the light blue background. These results suggest that a light blue color may be a 
better choice for the background color of a WBT, even though a white background is often used for WBTs. 
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1. Introduction 
Some studies have investigated the combination of text and background colors on a computer screen in relation to 
its effects on task performance1,2. Hall and Hanna pointed out that greater contrast ratios between background and 
font colors lead to better readability3. A study of background colors by Mehta and Zhu4 suggested that red 
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backgrounds were better for tasks which require an attention to detail, and blue backgrounds enhanced performance 
on approach-based and exploratory tasks. Yamazaki examined whether the background colors of computer-based 
and Web-based tests influenced the scores of test takers5. In Yamazaki’s study, 246 subjects were divided into eight 
groups, and they answered the same questions displayed on backgrounds of eight different colors. The experimental 
results showed that the subjects who took the test with light blue and blue backgrounds scored the highest and the 
second highest, respectively. In the same Yamazaki study, the levels of fatigue and difficulty that the test takers 
reported after taking the tests did not correlate with their test performance5. The results of her study suggest that blue 
colors may be better for the background color of the tests. The study also indicates that the background color can 
make a difference in the concentration level of a test taker, but the color preference of the user is not an important 
factor in choosing the best background color for WBTs, although the study by Hall and Hanna demonstrates that 
preferred color can lead to higher rating of behavior intention3.  
A preliminary study by Yamazaki and Eto showed that average scores for computer-based English grammar tests 
taken with blue and light blue backgrounds were significantly higher than for tests with the white background6. 
Average scores for a pink background were also higher than for the white background on average, while the white 
and light green backgrounds marked the second and third lowest scores, respectively. These results coincided with 
the finding of Yamazaki’s study, wherein blue and light blue backgrounds resulted in higher average scores than six 
other combinations of black text and a background color, including white6. In Yamazaki and Eto’s study, the brain 
activity of each test taker was observed by using a near-infrared spectroscopy (NIRS) system. The analysis of brain 
activities indicated that neurological factors associated with color characteristics could explain the differences 
among the test score averages for these background colors6. In this study, we investigated whether white and light 
blue background colors can make a difference in terms of the performance and the brain functions of Web-based test 
takers. In addition, we examined if the results obtained in the previous studies can be explained in association with 
the activation of different brain regions. 
2. Experiment 
The authors measured the activities of test takers’ brains while they were taking Web-based English tests with 
two different screen background colors: white and light blue. In this study, we focused on English grammar 
questions and non-linguistic tasks to examine the effects of the background colors. In order to identify which part of 
test taker’s brain is activated while he/she is taking a WBT with a specific background color, we measured relative 
changes in blood hemoglobin (Hb) concentrations in the brain of the test taker by using a NIRS system developed 
by Hitachi Co. for the purpose of functional brain imaging.  
2.1. Web-based tests with two background colors 
Two sets of Web-based tests with white and light blue background colors and black text were developed. Both 
test sets consisted of 15 English grammar questions and five non-verbal tasks. The English grammar questions were 
very similar to questions in Part V of a standardized English examination called the TOEIC® Test, which is used in 
many schools and organizations in Japan. The TOEIC® Test is a multiple-choice exam that consists of two parts 
with 100 questions each: the Listening Section and the Reading Section. The Reading Section is divided into three 
parts: Incomplete Sentences (Part V of the test), Text Completion (Part VI) and Reading Comprehension (Part VII). 
The Incomplete Sentences part has sentence completion questions and each question contains a sentence with a 
blank and four choices for the blank. The Web-based English tests constructed for the experiment had 15 
incomplete-sentence questions of the same type and a similar difficulty level as Part V of the TOEIC® Test. The 
tests were presented to the test takers and a response for each question was indicated by selecting one of the 
numbers, 1 through 4, for the answer choices with a pull-down menu. Examples of the test pages with the white 
background and the light blue background are shown in Figures 1 (a) and (b). In both sets of the WBTs, a non-
linguistic task was presented at the beginning of the test and after every three English grammar questions as a rest 
task. All the rest task pages were designed in the same way, in which circles, stars and triangles were randomly 
drawn on each page. A test taker was directed to count the number of circles on the page and select a choice 
corresponding to the number of circles from the pull down menu. Examples of the rest task pages are shown in 
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Figures 2 (a) and (b). The characteristics of the background colors used in this study are listed in Table 1. The table 
summarizes their hexadecimal color codes, brightness and color differences between the text and the background 
colors, and luminance ratios between the text and the two background colors. Formulas suggested by the World 
Wide Web Consortium were used to calculate these values7. 
 
Fig. 1. Examples of the Web-based English test pages used in the experiment: (a) with the white background; (b) with the blue background. 
 
 
Fig. 2. Examples of the rest task pages of the Web-based test used in the experiment: (a) with the white background; (a) with the blue background. 
 
 
 
 
 (a) 
 
 (b) 
 
(a) 
 
(b) 
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Table 1. Hexadecimal codes, brightness differences, color differences, luminance ratios and luminance of light blue and white backgrounds used 
in this study7. 
Background  
color 
Hexadecimal 
color code 
Brightness 
difference 
Color 
difference 
Luminance 
ratio Luminance 
Light blue #C0C0FF 199 639 12.225 21 
White #FFFFFF 255 765 0.56126 1 
 
2.2. Subjects 
Thirty subjects in their twenties participated in this study. They were university students and graduate school 
students, and their first language was Japanese. Twenty three of them were male (76.7%), and seven of them were 
female (23.3%). They were all right-handed, and none of them was reported to have a color vision deficiency at the 
time of the experiment. They had all taken a paper-based TOEIC® Bridge Test or TOEIC® Test prior to the 
experiment. Their TOEIC® Test scores ranged from 330 to 650 (corresponding to English proficiency levels from 
pre-intermediate to upper-intermediate). Table 2 shows the test score distribution of the subjects. 
 
Table 2. TOEIC® Test score distribution of the subjects. 
TOEIC® Test 
score range 
Below 
400 
From 400  
to 500 
From 500  
to 600 
Above 
600 
Male 7 10 5 1 
Female 0 2 4 1 
 
 
2.3. Experimental method 
The subjects were given instructions for taking the WBTs prior to undertaking the test. All the subjects took the 
tests with black characters and backgrounds in light blue and in white. Test scores obtained from the subjects were 
analyzed to see if there were any differences between the test sets with the two background colors. In the experiment, 
relative changes in hemoglobin concentrations of each subject’s brain were measured and recorded by using the 
Hitachi NIRS (EGT-4000) with 52 channels, while the subject was taking the English tests and performing the rest 
tasks. The headgear included 52 optical source-detector channels to monitor the activity of the subject’s brain. The 
channels covered the frontal area of prefrontal cortex and Broca’s area, which roughly corresponds to Brodmann 
areas (BA) 8, 9, 10, 44, 45 and 46. In order to assess the activation of the brain functions associated with these areas, 
the blood hemoglobin concentrations of each subject were observed from the beginning to the end of the tests, and 
relative changes in oxy-, deoxy- and total hemoglobin (oxy-Hb, deoxy-Hb, total Hb) concentrations from the 52 
channel points were simultaneously measured and recorded for each subject. Figure 3 shows one of the male 
subjects taking the Web-based English grammar test with the light blue background. Optical topography probes 
were applied to his forehead. His brain activities were measured by the NIRS system, as shown on the left side of 
Figure 3 (a). Figure 3 (b) shows a photograph of a male subject wearing optical topography probes on his head and 
the positions of the headgears. 
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Fig. 3. Photographs of (a) a male subject taking the Web-based English test with optical topography probes applied to his head and (b) optical 
topography probes on his head. 
3. Results 
The average percentages of English and circle-counting questions answered correctly for the white and light blue 
backgrounds were calculated. The average percentages for both the linguistic and the non-linguistic tasks performed 
by the subjects with the light blue background were higher than those for the white background. These results 
coincided with the findings of studies by Yamazaki and Eto6,8. Table 3 summarizes the average percentages of 
correct answers for the English grammar tests and circle-counting tasks with the light blue and white backgrounds. 
Table 3. Average test scores of the English listening and circle-counting tests for the light blue and the white backgrounds. 
Background 
 color 
# of 
subjects 
Average % of correct answers for 
English grammar test (SD) 
Average % of correct answers for 
circle-counting test (SD) 
Light blue 30 58.67%  (2.54) 92.67%  (0.71) 
White 30 53.33%  (2.08) 86.00%  (0.78) 
 
The total Hb concentration changes in subjects’ brains recorded during the experiment were mapped onto two-
dimensional images of the brain. The NIRS signals were also analyzed in relation to the functions of brain regions. 
For each subject, the values of total Hb concentration changes measured every 0.1 seconds with the NIRS system 
were averaged for both the white and the light blue backgrounds. The averages value of NIRS signals obtained from 
Channels 6, 27, 37 and 38 were higher for the light blue background than for the white background. Table 4 shows 
the average values of each channel for the two background colors. Figure 4 illustrates the placement positions of the 
NIRS channels on the subject’s head and the brain areas which the channels covered. Channels 6, 27 and 37 roughly 
corresponded to the brain area that includes BA 44 and 45 areas, which are associated with linguistic grammar and 
sentence comprehension9. The NIRS images of relative Hb concentration changes in some subjects’ brains indicated 
that their brain areas related to linguistic tasks tended to be more active while performing the tasks with the light 
blue background.  
Figures 4 and 5 show 2D topographic functional maps of brain activity that were constructed from NIRS signals 
obtained from a subject (Subject No. 5, male). The figures show typical examples of Hb concentration images 
created from the Hb measurements while the subjects were taking the Web-based English grammar tests with the 
light blue and the white backgrounds. Figure 5 indicates that broader regions of the frontal cortex, including BA 10 
and BA 9, showed higher levels of Hb concentration changes while the test taker was responding to the English test 
(a) 
 
(b) 
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with the white background. On the other hand, high levels of change in Hb concentrations were observed in areas 
including Broca’s area (BA 44 and 45), whose activation relates to syntactic and semantic processing9, while the 
subject was solving an English grammar question with the light blue background, as seen in Figure 6. The same 
tendency was observed in Hb concentrations of subjects’ brains while the subjects were performing the circle-
counting task with the two different backgrounds. These results from the observations of subjects’ brain activities 
were similar to the results obtained in our previous studies with the background colors of white and blue 
(hexadecimal color code: #0000FF) 6,8 
 
Table 4. Average NIRS signal values of channels. 
Channel # Average NIRS signal value 
White Light blue 
CH6 0.05896 0.184315 
CH27 -0.02882 0.128226 
CH37 -0.07594 0.052131 
CH38 -0.09598 0.051204 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Brain areas covered by Channels 6, 27 and 37. The average signal values from these channels were significantly higher for the light blue 
background. (The original image was obtained from BodyParts3D10, and the image was modified for this paper.) 
 
 
 
 
Fig. 5. NIRS topography images showing relative changes in total Hb concentrations in the brain of Subject No. 5 while taking the Web-based 
English test with the white background. White background: A higher level of Hb changes was observed in the frontal cortex and a low level of 
Hb changes in Broca’s area. 
Higher-level change in Hb concentration in frontal cortex Low-level change in Hb concentration in Broca’s area 
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Fig. 6. NIRS topography images showing relative changes in total Hb concentrations in the brain of Subject No. 5 while taking the Web-based 
English test with the light blue background. A low level of Hb changes was observed in the frontal cortex and a high level of Hb changes in 
Broca’s area 
4. Discussion and Conclusion  
In this study, the effects of white and light blue backgrounds on the scores of Web-based English grammar tests 
and circle-counting tasks were examined. The results of the experiment showed that the subjects performed better 
when they responded to questions in black text on a computer screen with a light blue background than on that with 
a white background. Relative changes of Hb concentrations in the brain of each subject were observed by using 
NIRS to see if the brain function activities of Web-based test takers can be affected by the background colors. The 
results from the NIRS measurement demonstrate that the background color of a WBT can affect hemoglobin 
concentrations in the brain of a test taker. The results of NIRS signals for English grammar tests and the circle-
counting tasks show that the background color can make a difference in brain activities related to performing tasks 
and that light blue colors may be better than white for the background of a WBT when question sentences are 
displayed using black text. The results from the observation and analysis of Hb concentration changes in the brain 
also suggest that the brain areas associated with linguistic processing are more activated when grammar questions in 
black text are displayed on a light blue background. This finding indicates that a white background may not be the 
best choice for the background color of a WBT to assess test-takers’ linguistic performance even though a white 
background is commonly used for WBTs.  
In our previous studies, the NIRS images of relative Hb concentration changes in subjects’ brains showed that 
their brain areas related to eye movements, called the frontal eye fields11, tended to be more active while performing 
tasks with the white background than while doing the same task with the blue background6,8. We suspect that the 
combination of black text and a white background provokes states that require more eye movements because of the 
contrast between black and white, and causes test takers to divert concentration away from language processing. In 
this experiment, we did not observe a significant difference in the activity of the frontal eye fields between the white 
and light blue backgrounds. This may be due to a difference in the luminance ratios of these three background colors 
to black. The luminance ratio of blue is much lower than that of white (2.44 and 21 respectively). On the other hand, 
the luminance ratio of light blue is 12.225, and the value is between the luminance ratios of blue and white 
backgrounds6. Therefore, we suspect that we did not observe a significant difference between the two colors in 
frontal eye fields, which are considered to perform an important function in controlling eye movements11.  
In this study, we analyzed NIRS data obtained from the subjects without separating the signals for linguistic tasks 
from the signals for non-linguistic tasks. In order to identify if background colors can contribute to the activation of 
brain areas related to language processing, we should further analyze the signals obtained while the subjects were 
performing the linguistic tasks. In the next study, we plan to focus on the comparison of the NIRS signals for the 
linguistic questions and non-linguistic tasks to identify the effects of background colors on linguistic tasks 
performed on a computer screen. 
Low-level change in Hb concentration in frontal cortex Higher-level change in Hb concentration in Broca’s area 
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